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DALY . XSGRy . R SR AR A R R
SEUE, DA S i 7 IR s S Ak Rk

FH 4 ®l AR K- 2 1 (CPC,. CPC,. CPC; Fl CPC,,
Ik B, T TZARE, ##E GB 13086-91
RO R e, MR SO 3 o B
PO AR AR RUK I o Y, BRI 1)
43 AR 30% 1 £ 8 TE o 4 b 55 05 R B 5K
R (K 2), URHEURDE BRad 80 H i, RELZ
R RIRIR A YA, H 0K 42 2.0 mm Y 550k 1]
B, ARKTE T 4 °C vKAR R A4

®1 TRMIFEANEFER

Tab.1 Nutrient composition of different cottonseed proteins

Mi¥FEE  cottonseed protein

TiH

items CPC, CPC, CPC, CPC,
JK5¥/%  moisture 7.20+0.08° 8.88+0.18" 5.20£0.05" 4.67+0.08°
ME /%  crude protein 49.27+0.57° 53.62+1.11° 62.4240.58° 57.14+0.96°
HMMEWi/%  crude lipid 3.26+0.04° 3.27+0.07° 1.24+0.01° 3.43+0.06
ALK 53/%  crude ash 6.80+0.08" 7.53+0.16° 8.06£0.07° 7.62+0.13"
Hil}/(mg/kg)  gossypol 970.93+11.21° 894.50+18.59° 169.36+1.56° 431.3127.22°
HEFFHE/(mg/g)  raffinose 52.23+0.60° 52.07+1.08" 60.12+0.56 53.93+0.90°
/K7 HE/(mg/g)  stachyose 6.61£0.08° 7.3740.15° 9.45+0.09¢ 7.84+0.13¢

e [FATH ERRAFNG FREROR ZE R B3 (P<0.05), FIF

Notes: in the same row, values with different lowercase letter superscripts mean significant difference (P<0.05), the same below

1.2 EFEE

S R 1 R T KK K AR,
FH v S EERGIE 10 d, 25 24 h, HH 0.01% MS-
222 RIS AR, BB . BUARRESY WA
M5 R (12.2020.11) g Y K 12 6 &y £ Bt B 43
J 5 AAbEE, R AERE, BAEL 30 R
i, 5% NIRKTEIRFRIE RS (AR R 200 L)
il SR 8 JH, SEE IR, A H M 3 YK (08:30.
12:30, 18:00), 4R 3%~5%, FRFH/KIE N IEH
MRS A koK, R FE W K 23.2~28.5 °C,
WA SR =65 mg/L, A SE<0.1 mgL, ¥
iR £h & #5<0.01 mg/L, pH N 7.2~7.6,
1.3 #HmRERSTFE

oAk MELRLHE, KHE 24,
FH 0.01% MS-222 JFR i J5 FR B JF T8k, A ER
BEHLEEHL 3 )8 0 T 4 F M o I 2 5 B4
HEAERHLES B, WEARREE . KK, fFEKE
I A s R N IR AT LR N 3B SRR E
FH T IR ARSE br 900 22, I Wc B8 JFF I R iz 3 40 21
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FH W EGE A 5 T80 °C UKAE TP RAF 8 s BEAE
SERAPLIL S R fa, FH— Uk 2% R i bk i,
BT 4 °C VKA i 85 4 000 r/min 2.0 10 min, 4
ML, —80 °C VKA H RAF 51T A Rl
W6 R, TS LS WL 2B
RNA Jiff 5 2K B (14 it 300 2 b1 A 351, BUHE Ok 01 R
(R AT B i3, AR TR AL ER 3 mm?® 2245 K /N
JHFI0E B B i 2 2URE i, BT A 500 uL RNA £
17| (Takara, Japan) [ 2% RNA fif§ (1 JC B 2500
H, AR RS 80 °C KA R RAE, T EE A
Xof & 35 8 1 I 2

B, 28 FAERR,GME RH
B o D7 i AR RE | A R R A AT E
KAy R 105 °C Bt T HE E kI E s ML A RS
iR LA E BB e s MR & 2R TR X
FREIE s LKA TR A 550 °C T gfbrvBeers
W 5 JHF MR 7 o R R L0 - sl e 5 L
N IR ZH R ] GB/T 18654.11—2008 :14E .

MEBMBARMAR AT E WA Bk
fitt (SOD). it % fL & (CAT), 4k H kit % 1k
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Tab.2 Composition and nutrient levels of the test diets (air-dry basis)

MaAFE A cottonseed protein

TiH
items CPC, CPC, CPC, CPC, CPC,
kL% ingredients
KN steam fish meal 40.00 28.00 28.00 28.00 28.00
[F =39 A% domestic chicken powder 10.00 10.00 10.00 10.00 10.00
FifFE 1 cottonseed protein 1 18.61
FifF& 2 cottonseed protein 2 17.12
Fi¥FEEE3  cottonseed protein 3 13.48
FifF& 4 cottonseed protein 4 14.27
EH  soybean meal 7.00 7.00 7.00 7.00 7.00
KEIRAEI  soy protein concentrate 11.00 11.00 11.00 11.00 11.00
NEMMEA  wheat gluten protein 3.00 3.00 3.00 3.00 3.00
ARZEUEHR  cassava starch 9.00 9.00 9.00 9.00 9.00
iyl fish oil 1.15 2.10 2.03 1.86 2.05
KEGRBENE  soybean lecithin 1.50 1.50 1.50 1.50 1.50
Eil  soybean oil 4.00 4.00 4.00 4.00 4.00
Y E K TUREL  vitamin premix 1.00 1.00 1.00 1.00 1.00
W P)FEFURE  mineral premix 1.50 1.50 1.50 1.50 1.50
SALNESE  choline chloride 0.50 0.50 0.50 0.50 0.50
BHR =48 Ca(H,POy), 1.40 2.58 2.64 2.65 2.85
#eA & C  vitamin C 0.05 0.05 0.05 0.05 0.05
ZAEFEEMR  ethoxyquin 0.05 0.05 0.05 0.05 0.05
SR 4EER  microcrystalline cellulose 8.85 0.00 1.59 5.41 4.00
W lysine 0.00 0.16 0.17 0.11 0.22
H%F  methionine 0.00 0.07 0.04 0.05 0.05
BEIFERS nutritional levels

HIEMJ/%  crude protein 48.21 48.16 48.12 48.15 48.17
HHREMT/%  crude lipid 11.29 11.31 11.30 11.31 11.29
LK 5/%  crude ash 10.25 11.80 11.66 11.70 11.69
Fim/(mg/kg) gossypol 0.00 182.69 156.14 23.85 61.75

VIl (GSH-Px). &N 5% i (ALT). 45 Fift &
(AST) Lh KN % (MDA) % 2% F g ot i A=
Yy TR TR S, I i S AR
UL BT .

A, ZBANRAARRAR R E 9 R
FH S B 9 % 5 B PCR 2 72 35 [ mRNA 3k 7K

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

S, R R IE B RNA i RNAiso Plus i85 (Tak-
ara, Japan) #£H¢, {# ] NanoDrop 2000 i #= 73
Y66 (Thermo Fisher, USA) il 5 & RNAHEJE
Fifi Jim f FH J2 %% 5% 1057 & FastKing-RT SuperMix(K
M, dbE0) B R BUAY AL RNA U 58 cDNA, Jf
JHI DEPC /K #1757 B J B T 20 °C AR AF4JH . 55
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A 2 2 it PCR IR & R 20 uL, o bR 5]
¥4 1 uL. cDNA 2 uL. 10 pl 2xNovoStart® SYBR
qPCR SuperMix Plus (Novoprotein, _|-7F) il DEPC
K 6 uLo 2w AL AS A SEH 2 B PCR Y (Bio-rad-

CFX96), SLH}E 7 PCR FIFERF A 95 °C F4E 1 min

L MER; 95°CHr4220s, 60°C 4% 1 min,

it 40 NMER . LA B-actin HINZ,

R 2% kit

SEALN AR X Rk i, MCHI S LR 3.

#= 3 SLBTEE (q-PCR) 3|¥& T FFI

Tab.3 Primers pair sequences for real-time PCR

B EHESIG-3Y) TSI (537 BT
gene forward primer (5'-3") reverse primer (5'-3') GenBank
CAT TGGTGTTCACGGATGAGATGG GGAGAAGCGGACAGCAATAGG XM_038704976.1
SOD CCACCAGAGGTCTCACAGCA CCACTGAACCGAAGAAGGACT XM_038713969.1
GSH-Px ATACCAAGTCTCCTTCCCTCTGT CGTCCACCACTTTGCCATT XM_038715030.1
1L-10 CGGCACAGAAATCCCAGAGC CAGCAGGCTCACAAAATAAACATCT XM_038696252.1
TGF-p GCTCAAAGAGAGCGAGGATG TCCTCTACCATTCGCAATCC XM_038693206.1
1L-18 CGTGACTGACAGCAAAAAGAGG GATGCCCAGAGCCACAGTTC XM_038733429.1
1L-8 CGTTGAACAGACTGGGAGAGATG AGTGGGATGGCTTCATTATCTTGT XM_038704088.1
TNF-a CTTCGTCTACAGCCAGGCATCG TTTGGCACACCGACCTCACC XM_038710731.1
PIBK AAGACCTTCCTCATCACGAC CCTTCCACTACAACACTGCA XM_038733024.1
AKT ATGGACTCCTCTCCAGACCC TTCATGGCGTAGTAGCGTCC XM_038729217.1
m-TOR GCGTATCGTAGAGGACTGGC GTCAACACCGAGAAGGAGCA XM_038723321.1
S6K1 TCGTTCGAGCCAAAGGTCC TCGATACCTCCATGGGTTGC XM_038708508.1
4E-BP ACGAGGTCTGCCCAACATTC CAGCGTTGCTGCTATCAGGT XM_038703879.1
Claudin-1 CCAGGGAAGGGGAGCAATG GCTCTTTGAACCAGTGCGAC XM_038713307.1
Occludin GATATGGTGGCAGCTACGGT TCCTACTGCGGACAGTGTTG XM_038715419.1
Z0-1 ATCTCAGCAGGGATTCGACG CTTTTGCGGTGGCGTTGG XM_038701018.1
p-actin AAAGGGAAATCGTGCGTGAC AAGGAAGGCTGGAAGAGGG XM_038695351.1

14 HELR Wx100%

e A KR (specific growthrate, SGR, %/d)=
(W~ W)/x100%

AT K (weight gain rate, WGR, %)=(W W)/
Wyx100%

R (feeding ratio, FR, % /d)= W, /[(W, +
Wy)/2%1]%100%

FE M i 2L R (protein efficiency ratio, PER,
Yo=(W W) (W< W) 100%

) B} 2 # (feed conversion ratio, FCR)=W,/
(W=Wy)

BTG K (survival rate, SR, %)=N/Nyx100%

JIE 1K LY (viscerosomatic index, VSI, %)=W.,/
Wx100%

JF K EE (hepatosomatic index, HSI, %)=W,/

https://www.china-fishery.cn

A 3 B (condition factor, CF, g/em’)=W/L’x
100
K, w, F Wy 53 5 ok 20K oA BT R R B fa AR
Bl (g); ¢ AFRFASEEREL (d); W ESEE & ()5
N, Ny 53 5 R AR BB s B (B); w ol
fo i fe (g); L MR K (cm); v HINIEE (g);
Wy AR (2); W, A AARHE H S & (%)
1.5 HIELEBES S

S50 B 1 LT 4 {8 05 1fE 1R (mean+SE) &
7N, R JH SPSS 22.0 B A H#EAT 7 26 PR A 59 K]
K7 221 H1 (One-Way ANOVA), #7 ik 3] &g 3 K
o, MIHEAT Tukey RZ H HHR, B E KR P<
0.05,

o E K P2 2 320 sponsored by China Society of Fisheries
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2.1 MWHFEAXNAOESEKMEENIZI
CPC; ZH K F1 2B 6fi) FBW . WGR 1 SGR 3%
T H A 5236 4 (P<0.05), CPC,. CPC,. CPC,
I CPC, HZ MG 3 22 5 . PER {H AL /& CPC; 41
o £S04 FR B E 25, MIEH SR
100% (P>0.05)(3 4).
22 WIFEAXNAKOESEAERFEER
pp=A1

CPC; #H HSI B Z T XF FE4H (CPC,)(P<0.05),

B, MBENT . MK KWEZES ., RESLRE
YUFIE S I 225, (O RRLAR &t At 52
KM% 10.8%~29.0%, LA CPC, 4 (£ 5). CPC,
AL Al 5 LR B (INEAA), 675 & 5t
iz M (SEAA) FIZ LR B & (STAA) & &85
FHAZI U (F 6).

23 MHFEANKOERSFREMEECERZE
A

CPC; 41 If- IE SOD. GSH-Px i ¥ L) & CAT
1 SOD mRNA 3 ik /K 3 i 2 55 F HoAth 52 56 21
(7, E1), i MDA &R AL (P<0.05), CPC;4H

HLE A VSI DL s R o w ok, HER PLR T IL-10 Fl TGF-p ik B i, RN T
F4 BIFEAMAOBEEKMELEMERFBOENR

Tab. 4 Effects of dietary cottonseed protein on growth performance and feed utilization of M. salmoides

HH FFEE A cottonseed protein
items CPC, CPC, CPC, CPC; CPC,
WIshA T R/g IBW 12.2140.06 12.13£0.02 12.23+0.02 12.13£0.05 12.23+0.03
LKA FiR/g FBW 83.19+0.38™ 82.17+1.47" 82.14+1.59" 87.49+0.32° 83.92+1.07"
HER/% WGR 581.35+5.86" 577.21+11.04° 571.73+13.99" 621.04+1.03° 586.29+10.28"
ReEEKE/%  SGR 3.427+0.02" 3.415£0.03® 3.401+0.04° 3.528+0.01° 3.439+0.03"
HEF/(%/d) FR 2.75+0.01 2.86+0.07 2.89+0.01 2.76+0.02 2.74+0.05
HAFKEY% PER 2.01+0.01% 1.94+0.04® 1.91:0.02° 2.04+0.01° 2.03+0.04°
Tk RE FCR 1.03+0.00 1.08+0.02" 1.09+0.01° 1.02+0.01° 1.03+0.02°
PG %/% SR 100.00 100.00 100.00 100.00 100.00
*5 MHFEAMNAOEHFHAERMEFREARNTN EBEE)
Tab. 5 Effects of dietary cottonseed protein on morphological measurements and
nutrition composition of M. salmoides (fresh weight) %
T H HFF &R cottonseed protein
items CPC, CPC, CPC, CPC, CPC,
FA&$EF  morphological measurements
IEAsLE VST 8.50+0.43 8.60+0.20 8.45+0.31 7.49+0.25 7.712£0.11
JHAAEE HSI 2.18+0.03° 2.14+0.06" 1.98+0.05" 1.93+0.04* 2.05+0.06™
EFEH AL nutrition composition
/K4 moisture 70.07+0.81 70.44+0.53 70.90+0.81 70.09+0.64 70.19+1.21
HE AR crude protein 17.70+0.20 17.47+0.24 17.13+0.14 18.08+0.21 17.89+0.19
FAREWT  crude lipid 6.27+0.12 6.29+0.07 6.33£0.10 6.12+0.08 6.15£0.10
H% 4y crude ash 4.48+0.05 4.55+0.12 4.52+0.10 4.47+0.07 4.39+0.09
AFAE S & liver lipid content 3.79£0.18 4.53+0.02 4.89+0.09 4.20£0.61 4.65£0.19

o E K P2 % 2 32 /) sponsored by China Society of Fisheries
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Tab. 6 Effects of dietary cottonseed protein on amino acid content in muscle of M. salmoides

T H FRFFE [ cottonseed protein

items CPC, CPC, CPC, CPC;, CPC,

JELBEIER (NEAA)
RITEERR  Asp 9.10£0.10 9.04+0.18 8.99+£0.16 9.22+0.09 9.09+0.09
BEE  Glu 14.00+£0.16 13.81+0.28 13.82+0.24 14.16£0.13 13.97£0.14
LH R Ser 3.41+0.04 3.33+0.07 3.39+0.06 3.4240.03 3.38+0.03
H&#% Gly 4.08+0.05 3.99+0.08 3.97+0.07 4.06+0.03 3.99+0.04
W& Ala 5.15+0.06 5.10+0.10 5.10+0.09 5.22+0.05 5.11+0.05
JWZM Pro 2.93+0.03 2.87+0.06 2.90+0.05 2.95+0.03 2.95+0.03
FxE iR Tyr 3.10£0.03 3.05+0.06 3.04+0.05 3.13+0.03 3.10+0.03
LFAERETE INEAA 41.77+0.48 41.19+0.83 41.22+0.72 42.16+0.39 41.57+0.43
YREER (EAA)

HEM  His 2.17+0.03 2.16:0.04 2.13+0.04 2.19+0.02 2.13+0.02
FRR  Arg 6.41+0.08 6.3120.13 6.29+0.11 6.39+0.06 6.27+0.07
AR Thr 3.88+0.04 3.80+0.08 3.84+0.07 3.88+0.04 3.79+0.04
4iEfR  Val 4.30+0.05 4.19+0.09 4.20+0.07 4.35+0.04 4.22+0.04
HEE  Met 2.65+0.03 2.61+0.05 2.63+0.04 2.700.02 2.64+0.03
FEAR e 4.09+0.05 3.97+0.08 3.99+0.07 4.15+0.04 3.98+0.04
FEE Leu 6.73+0.08 6.59+0.13 6.63+0.11 6.80+0.06 6.62+0.07
RN Phe 3.710.04 3.67+0.08 3.65+0.06 3.76+0.03 3.66+0.04
R Lys 7.67+0.09 7.550.15 7.55+0.13 7.78+0.07 7.59+0.08
DRALERSE SEAA 41.60+0.48 40.85+0.83 40.89+0.71 42.00+0.39 40.91+0.42
FIMREE ITAA 83.37+0.96 82.04+1.66 82.11+1.42 84.15+0.78 82.48+0.86
SEAA/STAA 49.90+0.58 49.79+1.00 49.80+0.86 49.910.46 49.60+0.52
ENEAA/STAA 50.10+0.58 50.21+1.02 50.20+0.87 50.10+0.46 50.40+0.52

IL-15. IL-8 Fil TNF-a 323585l (P<0.05)(K 2).

24 WFEESXNAKOE4AFEEERKHEE
K xERERIEHE M

SCHG A B, AR AR TR A R R e R B
o JTF A (0 25 11 A8 . CPCy 4 ALT. AST 3
DI K FEH PI3K, AKT. m-TOR. S6K1. 4E-BP 3
B (K 3),
25 WBIFERNAKOELIHERRNZ I

CPC; 41 K 1 B i iy 1 SOD 7% M I SOD %
PR k7K ik 3 5 TS24 (P<0.05), 1fif MDA

https://www.china-fishery.cn

TR, SLRAMIE CAT IHM & CAT IR
LK B E2H (P>0.05) (K1 4), CPC, F1CPC,
HITE M E ALY . D-AMMANER T 2
3 T H A 52 5 2H (P<0.05) (B 5). i A
Occludin M1 ZO-1 mRNA 1) 25 35 7K - 21 6] T i 3
#5, {H CPC, A I N Claudin-1 Fik/KF- B E 5
F CPC, H (H 6)

3 TR

KAmWFFERY, Mk b S AR . HLLT 4
FPUE RN T X R B SR &Y

R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

10

JEIDGAE, A RRORFER FTIRON O SR A | AR 2 i B Al B ) R ) 1709

®7 WEEEMNAORSFERELEDHRM

Tab.7 Effects of dietary cottonseed protein on hepatic antioxidant capacity of M. salmoides

SifE| ik cottonseed protein

items CPC, CPC, CPC, CPC; CPC,
I AE A B/ (U/mg prot)  CAT 18.770.77* 18.27£0.21% 17.74+0.07° 19.92+0.33" 19.32+0.11%
B AR/ (U/mg prot)  SOD 451.57+5.70° 458.27+2.77 442.63+12.89° 498.38+9.82° 466.49+8.67°
I H M %46 #/(U/mg prot)  GSH-Px 40.23+1.29° 39.88+0.33" 38.98+0.61° 46.56+0.94 41.30£0.17°
A ZF%/(nmol/mg prot) MDA 0.81+0.02° 0.81+0.02° 0.82+0.03° 0.67+0.02° 0.80+0.03°

20

== CPC,
== CPC,
== CPC,
HI\BIH 15 L = CPC,
X m—m CPC,

LESES
relative expression level

b
ol [T ﬂﬂl'l
os 1| NN | I e
0 SOD

CAT GSH-Px

Bl1 WRFEEXNAOERGFFRNEN
BXEEREHFN
Effects of dietary cottonseed protein on mRNA

Fig. 1
expression of antioxidant related genes in

liver of M. salmoides

MR . TFHEDIRE . AEFE AN . &8
S 1 0T i A B O I S2 R DR A R L S L AR
b BTRESE R A ROk 28 5, A I 1
LA s A R N R O A I <20 mg/kg

(GB 13078-2017), & X% X5 A% By 1) i 52 fi& J7 A 4 A
XGOS R ST EAE A B, AR b A B 5 2 i £
Fe AR B, A (] £ 28 X A 1y 1 it 52 A RE R
[/, 5 &R (Carassius auratus gibelio) W AT}
Z 1 B 642 mg/kg AR, BE 4 B B0 (Ietalurus
punctatus) 7 UL 32 300 ~1 200 mg/kg A f3 ™, i
2% 9L 4 B8 (Centropristis striata) 17 Bt 75 150 mg/kg
R 13 300 25 B AR L AR A PR RET . AR S5 v 4 R AT FF
H LA CPC, i e fl, i M 3% i IR (169.36
mg/kg, 1), FHN K RS A KRR b,
R CPCy2H i1 14 A R o B8 e b, )k v A 1 55 4
1A 23.85 mg/kg, CPC, 41 A K % CPC,
WA TR, HARDE AR B & i 61.75 mg/kg
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Effects of cottonseed protein source on growth, body composition and
health of Micropterus salmoides

ZHOU Xingmei', HE Guanglun', XU Zhicheng', CHEN Yongjun', TAN Beiping’, LIN Shimei "

(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
College of Fisheries, Southwest University, Chongging 400716, China;
2. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: To evaluate the feasibility of cottonseed protein in largemouth bass (Micropterus salmoides) diet, five
isonitrogen-isolipid experimental diets (CPC,, as control group, CPC,, CPC,, CPC;, and CPC,) were prepared by
replacing 30% fish meal with 4 cottonseed proteins of different quality. Micropterus salmoides [average body
weight (12.20+0.11) g] were fed in indoor circulating culture system for 8 weeks. The results showed that the
nutrient composition, contents of gossypol, raffinose and stysaccharide of the four kinds of cottonseed proteins
were different, and CPC; cottonseed protein quality was the best. The final body weight, weight gain rate and spe-
cific growth rate of CPC; group were significantly higher than those of the other groups, but there were no signific-
ant difference in the routine nutrients and muscle amino acid nutritional composition among all groups. The activit-
ies of SOD and GSH-Px and the mRNA expressions of CAT and SOD in liver of CPC; group were the highest,
while the content of MDA was the lowest. The relative expressions of anti-inflammatory factors /L-10 and TGF-f
were the highest in CPC3 group, while the relative expressions of pro-inflammatory factors /L-18, IL-8 and TNF-a
were the lowest in CPC; group. In addition, cottonseed protein sources could significantly affect the liver protein
metabolism of largemouth bass, and the activities of ALT and AST and the expression levels of PI3K, Akt, m-
TOR, S6K1 and 4E-BP in CPC; group were the highest. Meanwhile, it was found that CPC; group had the highest
intestinal T-SOD enzyme activity, the lowest MDA content, and the lowest intestinal permeability indexes (diam-
ine oxidase, D-lactic acid and endotoxin). Cottonseed protein sources also affected the expression of tight junction
protein-related genes ZO-1, Claudin-1 and Occludin in the intestine. The results showed that different cottonseed
protein quality had different effects on the growth and health of M. salmoides, among which cottonseed protein
CPC; showed the best effect and significantly improved the liver and intestinal health of M. salmoides, thereby
promoting the growth of M. salmoides. Cottonseed protein CPC; can be used as a good protein source for M. sal-

moides feed.
Key words: Micropterus salmoides; cottonseed protein; growth performance; liver function; intestinal health
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